. In vitro characterization of the mutated alleles reveals that the mutations are loss-of-function, since they are unable to bind DNA, thus leading to diffused nuclear localization of IKAROS. To our knowledge, including the case we report, there are 15 families affected, making a total of 44 patients worldwide [2] [3] [4] [5] . Age at onset ranges from neonate to the sixth decade of life, with a mean age at onset of 13 years. IKZF1-deficient patients are characterized by a phenotype with a prominent decrease in all types of serum immunoglobulin, a lack of peripheral B lymphocyte/NK, and a reversal of the CD4/CD8 ratio. In a cohort of 29 patients, Kuehn et al [3] reported that the clinical manifestations of IKZF1 deficiency were recurrent respiratory infection, autoimmune disease, sepsis, B-cell acute lymphoblastic leukemia, and infection of the central nervous system. More recently, Yoshida et al [2] reported the first case of a patient with severe immunodeficiency that progressed to T-cell acute lymphoblastic leukemia resembling the IKAROSplastic mice model [6] . Furthermore, Hoshino et al [4] and Goldman et al [5] reported a same mutated allele, c.629A>G, leading to Y210C. Both patients had pancytopenia, with onset at a very early age, suggesting a critical role for IKAROS in both human hematopoiesis and immune development. Of note, 2 of the 29 germline-mutated patients in the report by Kuehn et al progressed to B-cell leukemia. It is well recognized that both germline and somatic changes in IKZF1 can lead to leukemia, especially B-cell acute lymphoblastic leukemia. Nevertheless, somatic IKZF1 deletions are considered to cause more cases of B-cell acute lymphoblastic leukemia than single-nucleotide polymorphisms in IKZF1 do [7] . A selected group of patients presented with mild manifestations and only abnormal antibody levels and decreased B-cell counts. Notably, most asymptomatic individuals harbor the deletion of N-terminal zinc fingers (ZF) instead of point mutations. The asymptomatic state of these individuals might be partially explained by the compensation of the other proteins from the IKAROS family and an absence of the dominant-negative effect. Among the mutated IKZF1 genes (Table) , p.R162 was frequently mutated, suggesting a "hot spot" mutation. The affected domains are ZF 2-4, with no mutations in ZF 5-6 having been reported.
We report the first Chinese patient with a mutated IKZF1 gene studied by WES. The mutant gene c.500A>G has previously been reported in 3 patients [3] . The similarities between these patients include late onset and a tendency to have severe infections (central nervous system infection and sepsis). Although the patient we report has not manifested autoimmune disease to date, her ANA result was positive, thus indicating an autoimmune disease. Interestingly, she had a solid pseudopapillary pancreas tumor, in contrast with the highly common hematological tumor. As Yang et al reported [8] , IKAROS was also involved in solid tumors. The immunologic phenotype of the patient we report is consistent with findings in previously reported cases, as well as a significant decrease in B-cell counts and hypogammaglobulinemia. As with other primary antibody immunodeficiency diseases, the treatment of the IKAROS-deficient patients includes mainly immunoglobulin replacement therapy. The condition of the patient we report remains stable on periodic intravenous immunoglobulin.
New techniques have significant benefits for the diagnosis of primary immunodeficiency. Next-generation sequencing of patients previously diagnosed with common variable immunodeficiency has shown different primary immunodeficiency gene defects involving NFKB1, STAT3, CTLA4, PIK3CD, and IKZF1, as well as biallelic mutations in LRBA and STXBP2. Thus, WES combined with analysis of genes associated with primary immunodeficiency is a costeffective approach for identification of pathogenic mutations in common variable immunodeficiency patients [9] . We recommend WES in female patients with B-cell defects and atypical manifestations.
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